Abstract
Introduction
The implementation of manual movements, for example, while we are driving the car, operating gadgets or doing them during social interactions, sports and in everyday life is impossible without the constant renewal and cancellation of motor programs. The ability to control the actions and flexibly interact with the environment is considered one of the main components of the human brain executive functions by a number of authors [1] [2] [3] [4] [5] [6] . Researchers [1] [2] [3] [4] [5] [6] do not exclude the fact that there are certain indicators of the brain, which are correlated with manual movements.
Many scientists [7] [8] [9] [10] have found out the electroencephalogram EEG α-rhythm individual variation of the amplitude and frequency characteristics, including the modal frequency of such a rhythm characterized by the highest information to determine the state of the nervous processes and a number of human physiological functions. People, who differ by the α-rhythm characteristics, have different behavioral strategies, perception mechanisms and information processing [7, 11] . According to data obtained by Bazanova and Aftanas [12] , any probability of the most optimal process of the coordination of movements linearly correlates with the power of the individual α-EEG range and inversely with the tension of the forehead muscles that are not involved in the implementation of voluntary manual movements. Kristeva et al. [13] give evidence that the combination of the synchronization of the neuronal ensembles (the α-EEG amplitude increase) and the economical use of the muscular system (the integrated power reduction of the electromyogram [EMG] of facial muscles) shows an increased capacity of the self-control of movements. Such statements are based on the fact that EEG α-modal frequency is believed [14] [15] [16] [17] [18] as strictly determined genetic basis, as it reflects the important structural innate characteristics of the thalamic and cortical neurons, in particular, the features of the ionic processes in these cells [19] [20] [21] .
Defining the critical importance of results obtained by different scientists, it should be emphasized that such a sort of information is clearly insufficient for a comprehensive understanding of the fact how the innate aspect of the brain function as a modal frequency of the EEG α-rhythm is connected with the control activities carried out by the distal muscles of the hand during the performance of manual movements. In prior studies [22] [23] [24] and in the context of such issues, there were obvious features of brain processes being essential in the control of manual movements performed by the response hand of men with different baseline characteristics of the EEG alpha-rhythm, in particular, the alpha-rhythm modal frequency. According to the results available from experiments, testees with the original high EEG α-rhythm modal frequency had higher levels of their selective attention and more local changes of the electrical activity of the cerebral cortex in the regulation of the flow of manual movements. People with a low α-frequency are characterized by less specific and differentiated cortex activation processes. It should be emphasized that any creation of the full understanding of features of the human brain processes associated with the manual movements provides the study of such movements being carried out by the fingers of not only the response, but also the subdominant hand. Thus, in real life, people use either their response or subdominant hand during the manual movements. The purpose of this study is to identify the spectral-frequency findings of the cerebral cortex electrical activity of movements performed by men with different characteristics of alpha-activity with the help of their subdominant hand. We believe that the realization of this goal can afford to set more objective indicators of the brain activity being directly associated with the programming of the manual movements.
The Aim of the Study
It consists of the detection of the spectral-frequency findings of the electrical activity of the cerebral cortex during movements executed by the fingers of the male subdominant hand.
Methods

Participants
The participants in our study were 104 male volunteers belonging to the age range 19-21 and each of them had given written consent to be part of the study. Biomedical ethics rules in accordance with the Helsinki Declaration of the World Medical Association on the Ethical Principles of Scientific and Medical Research involving Human Subjects were adhered to during the experiment. All the testees were healthy and had normal hearing with regard to the judgement and advisory conclusions of their medical professionals.
Procedure
Psychophysiological Examination
As part of the psychophysiological testing, the profile of the manual and auditory asymmetry was determined for each subject. It was determined by the nature of responses obtained from the survey, through the execution of the motor and psychoacoustic tests and by counting the individual ratio of the manual and auditory asymmetries (K skew ; form 1) [25] .
DOI: 10.1159/000487065 (1) where Σ right is the amount of tasks where a right hand (right ear) is dominating during their execution and Σ left is the amount of tasks under which the left hand (left ear) is dominant.
Further studies involved dextral testees whose coefficients of manual and auditory asymmetries were positive and were above 50%. The total number of men was of 104 people.
All examinations were performed in the morning. The profile of the asymmetry was evaluated 30 min before the EEG recording registration. This made it impossible for it to have any influence on the experiment, particularly, on EEG results.
EEG Testing Procedures
The testees were in a quiescent state with their eyes closed and in a reclining position with their limbs relaxed and not crossed during the EEG testing. The experiment was carried out in a room that was sound-proof and light-proof. The whole experimental procedure consistently included the following steps for each testee:
Step 1. The EEG recording in the functional balance (background).
Step 2. The EEG recording while performing the finger movements of the left (subdominant) hand.
Each step lasted 40 s. To exclude the edge effects, the EEG recording registration was started 15 s after the beginning and was stopped 5 s after its completion.
In order to reduce the stereotypic nature of the test, the sequence of movements was reported to the testees just a few minutes before the test. Finger movements comprised the bending and unbending of the fingers. Each finger's flexion or extension was performed by the testees in response to the sound. The electronic version of the drum battle (the software of Finale 2006) was used for this purpose. Binaural stimuli were produced by 4 speakers placed in different corners of the room at a distance of 1.2 m from the testee's right or left ear. The stimulus duration was 130 ms; the playback sound volume did not exceed 55-60 dB at outlet from the speakers under the measurements carried out by the sound level meter of the "DE-3301" type (certificate of attestation #025-2009, valid until December 21, 2014). Additionally, the sound loudness was individually regulated for each testee to achieve the necessary level. The rate of the sound stimuli delivery was 2 Hz.
Registration and Primary Analysis of EEG Data Active electrodes were placed in accordance with the international system 10/20 in 19 points on the scalp of the head during the electroencephalogram (EEG "Neurocom," and the Certificate of State registration #6038/2007, valid until April 18, 2014) recording. The performance of the EEG recording was monopolar, with the use of ear electrodes as a reference. The Fourier analysis era was 4 s with a 50% overlap. The duration of sample was 40 s. Independent Component Analysis was used for the rejection of EEG anomalies.
Both the power (μV 2 ) and the coherence of the brain electrical activity in the θ-, α-, β-, and γ-frequency intervals were also evaluated. Taking into consideration the functional heterogeneity of different sub-bands of the EEG α-and β-rhythms, the changes in the power and coherence of each of them were considered, and coefficients of coherence above 0.5 were analyzed as well.
The maximum frequency peak of the α-rhythm was determined for each testee in each EEG lead at a functional balance [26] . Its value was averaged for all leads and the obtained values were considered the testee's individual α-frequency (the individual alpha-frequency of EEG, individual α-frequency [IαF] , and Hz). The IαF median was also determined and calculated for the group of men. It was 10.04 Hz. Thus, subgroups of testees were formed according to the value of the median:
-Subgroup with a high IαF (n = 53, IαF ≥10.04 Hz); -Subgroup with a low IαF (n = 51, IαF <10.04 Hz). The EEG frequency interval limits were determined individually, relying on the value of the testee's IαF. The following algorithm [26] was used; the truth was that the upper limit of α3-subband was set to the right side of the IαF in increments of 2 Hz. It corresponded to the lower limit of the β1-band. The upper limit of the β1-sub-band was defined according to the standard concepts as 25 Hz. The lower limit of the α2-band was determined in steps of 2 Hz to the left of the peak, and the α1-band in 4-Hz steps, as well as θ-frequencies -in 6 Hz. Limits of β2-and γ-bands were recognized as standard, properly, 26-35 and 36-45 Hz.
The resulting individual values of the power and coherence of EEG oscillations within the selected groups of men were averaged for each lead.
Statistical Analyses
A statistical data analysis was performed by using the package "STATISTICA 6.0" (Stat-Soft, 2001). Any normalcy of the data distribution in testees' subgroups was evaluated using the Shapiro-Wilks test (indicator SW). Based on test results, it was found that all of our studied samples had a normal data distribution. To estimate the significance of differences existing in testees' subgroups, the Student t test (index t) was used between steps of testing both for independent equal samples and for dependent samples. Significant differences between testees' subgroups and among steps of testing were statistically considered at p ≤ 0.05 and p ≤ 0.01.
Results
The Individual Modal Frequency Evaluation of the α-EEG Activity and Individual Limits of the Frequency Content of the EEG Sub-Range in Male Testees Findings
The average value of the modal frequency of any α-activity in samples of male testees was 10.04 ± 0.03 Hz. Considering the leveled nature of the individual α-frequency value histogram (Fig. 1) in the male testees, it was made the conditional distribution of samples under the average mean of the modal frequency of α-activity. Two groups were formed -one group having a high value of IαF (n = 53, IαF ≥10.04 Hz) and another group with a low value of IαF (n = 51, IαF <10.04 Hz). 
Features of the Cortical Activity While Performing the Fingers Movements in Men Having a Different IαF
Men with a high IαF are characterized by the increasing local capacity of the EEG θ-α1-oscillations in the frontal areas. Apparently, according to Klimesch et al. [26] , Lurija [27] , Buzsáki [28] and Avery et al. [29] , such changes may be the result of evincing some closer voluntary attention, actualizing operative memory traces and keeping the focus on information concerning the sensory stimuli and movements being performed. Corresponding changes were more generalized in γ-band activity (with p ≤ 0.05 and p ≤ 0.01; Fig. 2) .
The diffuse increase of the capacity of γ-oscillations in the cortex can be considered a criterion easing out the interaction of widely distributed neural networks involved in information processing and in some sense-motor integration [30] . Instead of it, some power decrease of the EEG θ-, α-and β-waves, especially at the rear cortical areas (with p ≤ 0.05 and p ≤ 0.01) has been observed. This regularity had some higher prevalence and significance in the cortex in the range of α2-, α3-and β1-frequency components (r ≤ 0.01). According to the literature references [26] [27] [28] 31] , the reducing power of the electrical activity can indicate the increased activity of the cortical areas. Under the terms of researches, the activation processes found in cortical structures can display their participation in the processes of the sensory analysis, motor programming and integration of some sensory and motor information.
Men with a low IαF had the power increase of θ-, α1-and α3-activity locally in the frontal areas (with p ≤ 0.05 and p ≤ 0.01), and β2-and γ-waves are mostly generalized in the cortex (r ≤ 0.05; Fig. 2 ). The presence of some power increase of α3-waves in the frontal area (r ≤ 0.05) in men with a low IαF can display the additional braking mechanisms of the sensory input [29, 32] and can be the EEG-correlator of the matching process of the afferent information flows as to the new parameters of the muscle activity with the downgoing effects of the frontal cortex on the previous motor program. Such descending inhibi- tory influences generally prevent the motor programming [1] in the course of manual movements performed by the subdominant hand and, according to Kostandov [32] , they show some less flexibility of commands. The reduction of the capacity in the cortex at frequency of the EEG θ-, α1-, α2-, β1-oscillations (with p ≤ 0.05 and p ≤ 0.01) was specified both in men with a high IαF and in men with a low α-frequency. However, these changes were relatively more local and less significant.
Some increased coherence of the EEG α1-, α2-and β-oscillations was recorded in men with a high individual α-frequency in the frontal, temporal and central parts of their cortex (p ≤ 0.05). Such a regularity has the greatest significance in α2-subdiapason (with p ≤ 0.05 and p ≤ 0.01; Fig. 3 ).
According to Lurija [27] , it may be associated with the functional association of the cortical areas involved in the control of movements performed by the distal muscles with the increased voluntary control. Under the results of Zhavoronkova [25] , this feature, in terms of movements performed by the subdominant hand, can be compensatory in nature and facilitate the spread of some excitement among different cortex areas. Simultaneously, a decrease of the coherence of the θ-, α1-, α3-, β1-and γ-activity having quite a local character in the cortex of the male testees was found out. Such changes were observed in the anterior cortical areas (p ≤ 0.05) in the range of the low θ-and α1-frequency, and the reduction of the coherence -mainly in the posterior cortical structures (p ≤ 0.05) in the high frequency range of the EEG (β-and γ-activity).
Some increased coherence coefficients in the cortex has relatively greater prevalence and importance in the cortex especially at a frequency of α2-, α3-, β-and γ-activity (with p ≤ 0.05 and p ≤ 0.01) in men with a low individual α-frequency than in men with a high IαF (Fig. 3) . At the same time, the reduction in coherence was primarily found out in the anterior cortical areas in the strip of the EEG α1-, α3-and γ-oscillations (p ≤ 0.05).
Intergroup Differences
In terms of manual movements performed by the left subdominant hand, men with a low IαF have some higher power of the EEG frequency components in comparison with men having a high α-frequency (Fig. 4) . Such a generalized regularity was observed in the cortex (with p ≤ 0.05 and p ≤ 0.01). According to Iakovenko et al. [33] such a regularity may indicate some slightly higher tone of the cortex activation associated with the control of the executive and information processes in people with a high IαF. Men with a low IαF are characterized by the higher coefficients of the coherence in the frequency range of the front and rear cortical areas (with p ≤ 0.05 and p ≤ 0.01). Conditions easing out the compensatory spread of some excitement among individual "nodes of the structural and functional perception systems" may be created against the background of a slightly lower tone of the functional cortex in this group of testees [33] . The functional content of this spatial synchronization type in the cortex is associated with higher levels of some "tension" and the redundancy of brain processes [34] . 
Conclusions
Thus, any finger closing and unclosing performed by the subdominant hand of men with different α-activity characteristics in response to the sensory signals were generally accompanied by the increased coherence of the EEG frequency components, particularly, in the frontal, anterior temporal and the central areas and could be compensatory in nature and facilitate the spread of some excitation among different areas of the cortex. Under these conditions, the reduced electrogenesis power in the cortical areas responsible for the sensory analysis, motor programming and integration of sensory and motor information was observed. Such changes were combined with the local power increase of θ-, α1-oscillations in the frontal leads, primarily due to the strengthening of some voluntary attention and memory processes. Additionally, men with a low IαF had a local growth of α3-activity in the frontal areas of their cortex, which is obviously a sign of the additional braking mechanisms of the sensory input during the motor programming. The evidence of the sense-motor integration deepening in the result of the interaction of the distant neural networks was seen in men from both groups characterizing by some increase generalized in the capacity of the high β2-and γ-oscillations. Men with a low IαF had some higher power and frequency of EEG coherence components compared to men with a high α-frequency. The functional content of such differences may relatively reflect the lower tone of the cortex activation in men with a low IαF and it can be compensated by the increased "intensity" and redundancy of brain processes.
Ethical Statement
Biomedical ethics rules in accordance with the Helsinki Declaration of the World Medical Association on the Ethical Principles of Scientific and Medical Research involving Human Subjects were adhered to during the experiment.
Disclosure Statement
Authors do not have any conflicts of interest to disclose.
Funding Source
Work has been performed under the research project using the state budget funds of Ukraine, reg. No. 0111U002143. 
